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Motivation

• W boson mass can be derived from precisely 
measured quantities

• Radiative corrections r dominated by top and 
Higgs loops

‣ Precise knowledge of top quark and W boson 
masses help constrain Higgs boson mass
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W boson production and decay

• W production at Tevatron dominated by qq annihilation

• Use events with electron or muon in final state

‣ σ·BR=2.749±0.174 nb

‣ Dataset of 200 pb-1

‣ ~100,000 candidate events
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! (W     l" ) = 2775 pb

After event selection 
(l, "  E

T
 > 30 GeV):

51,128 W     µ "  candidates
63,964 W     e"  candidates

Dominant production mechanism:  qq(') annihilation

! (Z     ll) = 254.9 pb

After event selection 
(l E

T
 > 30 GeV):

4,960 Z     µ µ  candidates
2,919 Z     ee candidates

W & Z Boson Production and Decay 
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Measurement strategy
• Use transverse mass

• Precise measurement of charged lepton

‣ Calibrate track momentum measurement

‣ Calibrate calorimeter energy measurement

‣ Use Z boson as cross-check and additional 
calibration

• Hadronic recoil - allows inference of neutrino

‣ Calibrate using Z boson events

‣ Cross-check with W boson events

• Perform final fit using W mass templates

‣ Parameterized fast simulation to model detector 
effects
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W and Z production at the Tevatron

Isolated, high pT leptons, 
missing transverse momentum in W's

Typically small hadronic (jet) 
activity

Z events provide excellent
control sample

mT =
√

2p!
T pν

T (1− cos ∆θ!ν)
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Track momentum scale
• Large sample of J/ψs and Υs are used

‣ Tune model of energy loss→ J/ψ mass 
independent of muon pT

‣ Tune track resolution using Υ decays

• Apply momentum scale to Z decays

‣ Use world avg. Z mass as additional 
calibration
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Calorimeter energy scale

• Calibration of calorimeter energy scale 
vital for electron measurement

• Calorimeter energy calibrated using peak 
of electron E/p distribution from Ws

‣ Apply calibrated track momentum scale

• Energy loss tuned with high E/p tail

• Correct for ET dependence

• Measure Z mass in electrons using 
calibrated scale
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Recoil
• Hadronic recoil (u): energy in calorimeter excluding 

measured lepton

• Calibrate model for u using Z boson events

‣ Recoil energy scale R=umeas/utrue

‣ Recoil energy resolution
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Constraining the Hadronic Recoil Model

Exploit similarity in production
and decay of W and Z bosons

Detector response model for
hadronic recoil tuned using
pT-balance in Z     ll events
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Boson p
T
 Model

Model boson p
T
 using RESBOS generator with tunable non-perturbative parameters

“g
2
” parameter determines position of peak in p

T
 distribution

Measure g
2
 with Z boson data (other parameters have negligible effect on W mass)

g
2
 = 0.685 ± 0.048:  ! m

W
 = 3 MeV

C. Hays, University of Oxford

electron channelmuon channel
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W and Z production at the Tevatron

Isolated, high pT leptons, 
missing transverse momentum in W's

Typically small hadronic (jet) 
activity

Z events provide excellent
control sample
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Recoil validation

• Compare recoil distribution between simulation and data for W boson events
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Systematic uncertainties

• Systematic uncertainties for transverse mass fits shown (units of MeV/c2)
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tion:

dσ

dm
∝ m2

(m2 − m2
W )2 + m4Γ2

W /m2
W

, (46)

where ΓW = 2.094 GeV is the standard model W bo-
son width model for mW = 80.393 GeV. An increase
in the width of 7 MeV would result in a decrease of
the measured mW by 1 MeV.

The results of the mT fits are shown in Fig. 49, and
Table IX gives a summary of the uncertainties asso-
ciated with the fits. The fit range is 65 < mT < 90
GeV, and we find that varying the lower (upper)
bound from 60-70 (85-95) GeV results in mW shifts of
! 20 MeV, consistent with expected statistical vari-
ation. Combining the fit results from the W → µν
and W → eν samples using the Best Linear Unbiased
Estimator [64], we obtain

mW = 80.417± 0.048 GeV (47)

from the transverse mass distribution. The χ2/dof
of the combination is 3.2/1, corresponding to a 7%
probability of consistency.

Source W → µν W → eν Common

Lepton Scale 17 30 17

Lepton Resolution 3 9 0

Lepton Efficiency 1 3 0

Lepton Tower Removal 5 8 5

Recoil Energy Scale 9 9 9

Recoil Energy Resolution 7 7 7

Backgrounds 9 8 0

PDFs 11 11 11

W Boson pT 3 3 3

Photon Radiation 12 11 11

Statistical 54 48 0

Total 60 62 26

TABLE IX: Uncertainties in units of MeV on the trans-
verse mass fit for mW in the W → µν and W → eν
samples.

The combination of the pT fit results (Fig. 50),
including uncertainty correlations (Table 50) yields

mW = 80.388 ± 0.059 GeV, (48)

with a χ2/dof of 1.8/1 and an 18% probability of
consistency. The fit range is 32 < pT < 48 GeV, and
varying the lower (upper) bound from 30-35 (45.5-
50.5) GeV results in measured mW shifts of ! 30
MeV.
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FIG. 49: The simulation (solid) and data (circles) mT

distributions for W boson decays to µν (top) and eν (bot-
tom). The simulation corresponds to the best-fit mW for
each channel, and the uncertainty is statistical only.

Source W → µν W → eν Common

Lepton Scale 17 30 17

Lepton Resolution 3 9 0

Lepton Efficiency 6 5 0

Lepton Tower Removal 0 0 0

Recoil Energy Scale 17 17 17

Recoil Energy Resolution 3 3 3

Backgrounds 19 9 0

PDFs 20 20 20

W Boson pT 3 3 3

Photon Radiation 13 13 13

Statistical 66 58 0

Total 77 73 35

TABLE X: Uncertainties in units of MeV on the trans-
verse momentum fit for mW in the W → µν and W → eν
samples.
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Transverse mass fits
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Electrons Muons

• Transverse mass (mT) fits provide most precision

‣ Charged lepton pT and missing ET (neutrino pT) fits also performed and 
included in final measurement
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Result

11

• Combined electron and muon fit:

‣ Single most precise measurement of W 
boson mass in the world

‣ Reduces uncertainty of world avg. by ~15%
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• Combined electron and muon fit:

‣ Single most precise measurement of W 
boson mass in the world

‣ Reduces uncertainty of world avg. by ~15%
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Conclusion

• CDF has performed single most precise measurement of W boson mass

‣ Impact on world average has moved most likely Higgs mass further into 
LEP excluded region

• Expect CDF ΔmW < 25 MeV/c2 with ~2 fb-1 already recorded
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The Tevatron and CDF detector
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• Tevatron

‣ Peak luminosity >2.8×1032 cm-2s-1

‣ 2.5 fb-1 delivered to experiments

• CDF Detector - General purpose detector

‣ Precision tracking (Silicon + COT)

‣ EM and Hadronic calorimeters

‣ Muon detectors (extended for Run II)

• >2.0 fb-1 recorded at CDF

Central Muon Detectors

Silicon Vertex Detector 
(L00+SVX+ISL)

Drift Chamber (COT) 1.4 T Solenoid

Central Calorimeter (EM+Had)
Wall Calorimeter (Had)

Plug Calorimeter (EM+Had)

Forward Calorimeter (EM)

Forward Muon Detectors

CDF
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Backgrounds
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Source % of  W data Uncertainty on mW

Tau decays 0.93±0.02 1 MeV/c2

Hadronic jets 0.25±0.15 7 MeV/c2

Z decays 0.24±0.01 2 MeV/c2

Source % of  W data Uncertainty on mW

Tau decays 0.89±0.02 1 MeV/c2

Hadronic jets 0.1±0.1 2 MeV/c2

Z decays 6.6±0.3 6 MeV/c2

Decays in flight 0.3±0.2 5 MeV/c2

Cosmic rays 0.05±0.05 2 MeV/c2

Muons

Electrons


